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The FT-IR spectra of the bare SPIONs, SPIONs-COOH, SPIONs-Br and SPIONs-Br-FA are shown in figure S1 (A). For the analysis of the functional groups exposed on the surface of the SPIONs, FT-IR spectroscopy was performed in the wavenumber range of 4000-400 cm -1 .
The FT-IR spectra of SPIONs and SPIONs-COOH also had been reported in our previous published paper as well [1] . Peaks centered at 582 cm −1 ( Figure S1 A (a)) which were related to the lattice absorption of γ-Fe 2 O 3 for the absorption bond of Fe-O characterized the presence of maghemite whereby the existence of initially synthesized SPIONs (γ-Fe 2 O 3 ) was confirmed [2] . The treatment of the SPIONs with CA introduced carboxylic functional group on the surface of nanoparticles. As shown in figure S1 (A), the absorption peaks around 1623 cm -1 and 1400 cm -1 ( Figure S1 A (b)) clearly show the presence functional -COOH group on nanoparticles surface [3] , [4] . The absorption band at 1623 cm -1 is attributed to the generated carbonyl vibration (C=O, symmetric stretching) surface of nanoparticles [4] . In addition, the existence of bromelain in SPIONs-Br was confirmed through the comparison of FT-IR peaks before and after Br conjugation. Compared to SPIONs-COOH, spectrum of SPIONs-Br shows new extra absorption peaks. Over the course of the conjugation process through EDC/NHS method, the -COOH functional group on the SPIONs-COOH was activated so that it could covalently attach to the -NH 2 of the Br to form CO-NH band. As it is seen in Figure   S1 A (c), the peaks about ~1688 and ~1490 cm −1 assigned for amide I (C-O stretching) and amide II bands (N-H bending) of conjugates, respectively; it is probably because of the formation of CO-NH by conjugation [5] . Also the fingerprint absorption band of maghemite (~581 cm −1 ) is observed for the conjugates ( Figure S1 A (c)), which shows that Br has been successfully conjugated to the SPIONs-COOH [5] . The bands around 3800, 3745 and 3412 cm −1 ( Figure S1 A (c)) are assigned to the stretch of the N-H bonds in the Br. O-H vibrations from the water molecules which are trapped in the SPIONs-Br could also be represented by this band [6] . The presence of the stretching band C-N at 1070 cm −1 ( Figure S1 A (c)) was a remarkable fact confirming the covalent conjugation via amide linkage [7] , [8] . As it is seen in Figure S1 A (d), there is no strong proof of FA binding through FT-IR spectra due to overlapped bonding, but the amide II band (N-H bending, ~1490 cm −1 ) of the FA conjugates are much stronger than those of SPIONs-Br indicating its presence. figure S1 (B). A weight loss of almost 9.6% was recorded for the naked SPIONs throughout the whole temperature range, which might be due to water evaporation. Due to the removal of absorbed chemical and physical water, weight loss of SPIONs-COOH is minor (9%) below 200° C while the weight loss of about 13% from 250° C to 550° C can be associated with the removal of attached carboxyl group from the surface of SPIONs-COOH [9] , [10] , [11] . Between 600 to 800° C, no significant weight change was recorded, representing the existence of only SPIONs. For SPIONs-Br, significant weight loss (53%) occurred from 200 to 700° C. The weight percentage of conjugated Br on SPIONs-Br was calculated to be about 30% [12] . The SPIONs-Br shows 70% weight loss started from 250° C and it gradually continue till 750° C , which is related to CA, Br and FA decomposition respectively. The weight percentage of conjugated FA on SPIONs-FA was calculated to be about 17%. Results illustrate ~ 30 wt% magnetic content of the functionalized SPIONs.
Using DLS measurements, polydispersity index (PDI) of 0.278 ± 0.059 was obtained which illustrated that SPIONs-Br-FA was stable and narrowly distributed in solution. Normally, DLS measures a greater size since it detects the particle hydrodynamic diameter which includes the solvation layers. Therefore, the difference between the sizes measured by TEM and DLS is probably not related to the aggregation of the nanoparticles in solution. The hydrodynamic diameter and polydispersity index of nanoparticles in each step are presented in figure S1 ((C) and (D)). Compared to the SPIONs-COOH (60.088 nm), the hydrodynamic size distribution of Br and FA-conjugated nanoparticles significantly increased which indicated that the size distributions became broader after Br and FA conjugation. In terms of stability, the hydrodynamic size of final engineered SPIONs-Br-FA did not have significant changes within 3 month compared to the control group at 0 month ( Figure S1 ((C) and (D) ).
The size of a practical delivery system lies between 10-150 nm. Delivery systems are spleenseparated and renally sequestered if possessing sizes greater than 200 nm or less than 10 nm, respectively [13] , [14] . As a proper candidate for biomedical applications, the final size of the SPIONs-Br-FA was in the practical range. The zeta potential of the prepared SPIONs-Br-FA was highly negative -19.78 Mv, which is attributed to the presence of free carboxylic groups in the structure of conjugated FA. The surface charges of the SPIONs, SPIONs-COOH, Targeted Delivery of Bromelain using Dual Mode Nanoparticles: Synthesis, Physico-chemical Characterization, Using AAS at 248.3 nm, the total iron contents of the samples were gauged and reported. The total iron content of SPIONs, SPIONs-COOH, SPIONs-Br and SPIONs-Br-FA were 19.98 g/l, 14.32 g/l, 7.34 g/l and 6.85 g/l respectively. The total iron content of SPIONs and SPIONs-COOH also had been reported in our previous published paper as well [1] . In order to observe magnetorheological (MR) behaviour of the SPIONs-Br-FA, the microscopical observation in the absence as well as in the presence of the magnetic field was performed.
When the magnetic field was absent, random dispersion of the particles was obviously seen figure S1 (E). Although, figure S1 (F) shows thin structures of SPIONs-Br-FA in the presence of magnetic plates which were aligned in the direction of the external field.
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Figure S1
A) FT-IR spectra of synthesized and functionalized nanoparticles including 
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Blood has antithrombotic and anticoagulant properties through which it contacts the interior surface of blood vessels (endothelium). Both SPIONs and SPIONs-COOH are considered as foreign materials due to lack of endothelium function that complements the formation of thrombus resulting in fibrin matrix. High level of biocompatibility is addressed by the late formation of fibrin and highly accelerated conversion of fibrinogen into insoluble fibrin is addressed by quick blood clotting. The clotting factor is affected while the chemistry of blood is disturbed while in contact with the poor biocompatible substances. Therefore, to judge how the samples affect the chemistry of the blood, a key parameter is to study the coagulation factor. In order to determine the biocompatibility of synthesized nanoparticles the coagulation factors assay including APTT, PT, TT, FB and haemolysis tests were performed. The following test was carried out to indicate the biocompatibility level of SPIONs-COOH compared to bare SPIONs. In terms of clotting time (at concentrations 100, 200 and 300 µg/ml of nanoparticles), the SPIONs-COOH exhibited higher clotting time compare to the bare SPIONs for all APTT tests ( Figure S2 (e) ), PT ( Figure S2 (a) ), TT ( Figure S2 (b) ), FB ( Figure S2 (c) ) and hard clotting ( Figure S2 (f) ) tests compared to the bare SPIONs. FB formation concentration was lower for SPIONs-COOH compare to the bare SPIONs at same concentration ( Figure S2 (d) ). However the FB concentration for bare SPIONs was higher than that for SPIONs-COOH, it is still within acceptable range. Through the coagulation factors assay, it was concluded that the SPIONs-COOH is more compatible than bare SPIONs proven by the increasing the APTT, PT, TT and FB time and decreasing FB formation in concentrations < 300 μg/ml. 
Figure S6
Qualitative biodistribution study (TEM staining) of vital organs (heart, lung, spleen, kidney, stomach, liver, muscle and tumor) 24 h after injection of SPIONs-FA (10 mg/kg) in tail vein of 4 T1 bearing mice model.
